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MARKET  EVALUATION  STUDY: 

SOLAR  HEATING  AND  DOMESTIC  HOT 
WATER  HEATING  IN  DOD  BUILDINGS 


1 INTRODUCTION 


Background  and  Problem  Statement 

Like  all  energy  users,  the  l■■el.leral  goveininent  is 
I'aeeil  with  rapidly  tncreasing  etieigy  costs  and.  in  some 
locations,  shortage  or  curtailment  ot'  Its  energy  supplies. 
It  is  therelore  seaichiitg  lor  a new  and  abundant  natur- 
al energy  source  Solar  energy  may  be  ideal  due  to  its 
abundance,  widespread  distribution,  atid  absence  of 
recurring  fuel  cost. 


The  technical  feasibility  of  using  solar  energy  gath- 
ered by  llat-plai''  'Hectors  for  hot  water  and  space 
•'lished  both  in  theory  and  prac- 
lesign  pha.se  is  somewhat  more 
phase  requites  little  more 
. install  conventional  systems, 
•nsideration  tn  solar  system  applica- 


heating  has 
tice.'  .\ltl 
comples 
skill  111 

I'hus 

lion  is  economics 


file  high  initial  cost  of  solar  system  components  is 
the  major  barrier  to  economical  use  of  large-scale  solai 
system  application.  Initial  cost  is  high  because  most 
solar  system  components  aie  now  practically  hand- 
built.  The  market  demand  for  these  systems  has  not 
been  large  enough  to  encourage  the  capil:  I e.xpendi' tires 
necessary  to  promote  full  application  of  automated 
production  techniques,  which  can  significantly  reduce 
the  cost  of  solar  components. 

Since  solar  energy  could  be  impi'itani  in  fulfilling 
future  energy  needs  of  the  I'nited  States,  the  I ederal 
Lnergy  Adminisiiatioii  (H.  \)  is  developing  a com- 
prehensive program*  which  will  provide  a substantial 
initial  solar  component  demand  through  applications 
on  Federally  owned  buildings.  This  demand  is  expected 
to  encourage  the  use  of  automated  production  tech- 
ntques,  thereby  loweritig  the  hrst  cost  of  solar  com- 
ponents. 


Since  the  Department  of  Defense  (DOD)  owns  ap- 
proximately SO  percent  of  the  buildings  controlled  by 
the  Federal  government,  it  is  the  greatest  single  poten- 
tial government  user  of  solar  systems.  As  a first  step  in 
determining  the  overall  DOD  market,  the  market  po- 
tential for  solar  domestic  hot  water  heating  in  DOD 
bachelor  enlisted  and  bachelor  officer  quarters  (bar- 
racks) was  examined,  since  it  appeared  to  provide  a sig- 
nificant trial  for  solar  systems.^  Based  on  the  results 
of  that  study,  the  program  was  expanded  to  include 
space  heating  in  barracks  and  other  DOD  buildings. 

Objective 

The  objective  of  this  project  was  to  assess  the  market 
potential  for  solar  space  heating  and  solar  domestic 
water  heaters  in  DOD  buildings  by  determining  the 
number  of  solar  collectors  which  could  be  economically 
installed  in  the  buildings,  based  on  several  estimated 
installed  system  life-cycle  costs. 

Approach 

.A  real  property  inventory  of  DOD  buildings  within 
the  United  States  was  performed  to  determine  the  total 
Hoot  area  of  buildings  which  could  be  potential  candi- 
dates for  solar  heating  and  solar  domestic  hot  water 
heating  systems.  The  heattng  load  and  domestic  hot 
water  load  for  each  selected  building  type  was  then  de- 
termined for  four  different  climatic  regions.  The  por- 
tion of  the  load  that  could  he  satisfied  by  using  solar 
energy  was  determined  for  each  climatic  region;  then 
the  most  economical  collector  area  per  square  foot  of 
building  area  was  found  by  performing  a life-cycle  cost 
analysis  for  various  solar  system  costs.  The  overall 
market  potential  was  determined  for  each  region  and 
summed  for  the  entire  United  States. 

( hapter  2 describes  the  analysis  methods  used  to  de- 
termine the  building  inventory  and  building  loads  and 
to  perform  the  solar  system  simulation  and  economic 
evaluation.  Chapter  i describes  the  findings  and  shows 
the  tabulated  results.  Chapter  4 gives  the  conclusions 
diawn  from  the  results.  Detailed  descriptions  of  the 
building  load  determination  and  solar  simulation  tech- 
niques are  provided  in  the  appendices. 


'J.  A.  DulTic  .nml  W A lleclim.in,  .SV)/ar /• /icrer  I'hcrmal 
I'rocasa  (Wiley.  1974). 

'Sokr  tnergy  (iovernmcni  HiiilJinfis  I'rogrdm.  I'olicv  anJ 
hnp/fmfnralion  Plnn  (I he  Mitre  ('oipnraliun.  January  1977). 


^ L M.  Wiiulingland.  G.  N.  Walton,  and  I).  C.  Hittlc.  Market 
Potential  Study.  Solar  Domestie  Water  Heaters  in  IX)D  Bar 
raeks,  leelinieal  Report  L-l  02/A1JA0.J6479  (U.  S.  Army  Con- 
struction 1 iipinccring  Research  Laboratory  (CLRL| , February 
1977). 
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2 METHOD  OF  ANALYSIS 


Butfding  inventory 

The  IS  billion  sq  ft  (\bl  million  ) of  DOD 
buildings  in  the  United  States  offers  great  potential 
for  solar  energy  application.  The  Army,  Air  Force,  and 
Navy  (Marine  Uorps  property  is  included  in  Navy  prop- 
erty) maintain  computeri/ed  real  property  inventory 
data  bases  which  list  buildings  by  category,  location, 
date  acquired,  number  of  square  feet,  type  of  construc- 
tion, and,  in  the  case  of  living  quarters,  number  of  per- 
sons per  building,  ,Vnalysis  of  the  various  building  cate- 
gory codes  showed  more  than  40  different  building 
categories;  of  these,  eight  were  chosen  for  their  po- 
tential use  of  solar  energy  for  combined  space  lieat- 
mgand  hot  water  heating. 

The  building  types  selected,  which  represent  more 
than  50  percent  of  the  UOI)  inventory,  are;  family 
housing,  bachelor  enlisted  quarters,  bachelor  officers' 
quarters,  administrative  buildings,  training  buildings, 
operation  buildings,  community  support  buildings,  and 
recreational  buildings.  These  types  of  buildings  are  also 
potential  solar  users  in  civilian  applications.’' 

The  Directorates  of  Real  Property  of  the  .Army. 
.\ir  Force,  and  Navy  provided  specialized  inventories 
for  buildings  in  each  category  whose  permanent  con- 
struction was  less  than  dO  years  old.  Tiiis  was  done  to 
eliminate  buildings  that  might  not  he  amenable  to  solar 
heating  equipment  becau.se  of  structural  inadequacy  or 
a decreased  economically  useful  life.  I'ltese  limitations 
restricted  the  study  to  approximately  40  percent  of 
the  total  DOD  biiildinginventory.The  .Army,  Air  Force, 
and  Nav'  inveniories  reported  the  area  of  each  build- 
ing category ; these  areas  were  summed  to  obtain  the 
DOD  total  area  lor  each  selected  building  type. 

Ihe  United  States  was  then  segmented  into  four 
general  chmatic'solar  insolation  regions,  whose  boun- 
daries were  the  state  lines  as  shown  in  I'igure  I . These 
regions  were  selected  along  average  solar  radiation  in- 
tensity lines.  One  city  was  selected  in  each  region  whose 
climatic  conditions  were  typical  of  that  region;  the  solar 
and  climatological  data  were  then  obtained  for  that  city. 

Load  Determination 

The  heating  load  of  each  building  was  analyzed  to 
determine  the  performance  of  solar  energy  heating 


‘Solar  Energy  (lovernmi  ni  HuUdings  Program.  Policy  ami 
Implcmcnlation  Plan  (1  he  Milre  ( inporalion.  January  1977). 


systems.  Since  actual  measured  heating  and  hot  water 
load  data  for  the  eight  building  types  were  not  availa- 
ble for  this  project,  the  Finergy  Utilization  Index  (EUl)® 
was  used  to  predict  these  energy  requirements.  EUl  is  a 
manual  computational  method  specifically  designed  to 
analyze  the  heating  and  cooling  energy  requirements  of 
.Army  buildings.  Appendix  A provides  a brief  descrip- 
tion of  the  EUl  method,  which  uses  a variety  of  physi- 
cal building  data  and  specific  meteorological  data  to 
determine  the  monthly  and  annual  building  healing 
loads.  The  pertinent  data  required  for  the  EUl  are; 

1 . Monthly  heating  degree  days** 

2.  Incident  solar  radiation  per  month*^ 

3.  Monthly  average  wind  velocity** 

4.  Exterior  walls,  roof  and  floor  composition  and 

area 

5.  Window  atid  glass  area 

b.  Number  of  doors  and  windows 

7.  Underground  Hoor  and  wall  composition 

8.  Inside  set-point  temperature 

4.  .Mechanical  ventilation  rate 

1 0.  Occupancy  levels 

1 1 . Boilei  fuinacc  efficiency. 

This  information  was  supplied  for  each  building  type 
so  a inonihh  load  determination  per  square  foot  of 
building  could  be  calculated  Monthly  building  loads 
were  requited  ‘or  the  solar  simulation  techniques  used 
m this  study. 


'L  M Windirtpland  ,ind  I).  C llilllc,  /.mrgy  VtiU:ation 
InJix  Method  tor  Predicting  HuUdmg  Pnergy  Use.  fcchnical 
Roporl  I -105  (fl.Rt , May  1977). 

‘Data  arc  Uir  the  four  climatic  regions  indicated  in  1 ipute  1 . 

‘Climatic  Itlas  oj  the  United  States  (If  S.  Department 
ot  t'oinmerce.  1968). 

Climatic  .itlas  o)  the  United  States  (LI.  S.  Department  of 
Commerce.  1968). 

'engineering  H'eather  Data.  A1  M 88-8,  Chapter  6 (Depart- 
ment of  the  Air  I orce.  15  Jane  1967). 
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Figure  I . Solar  insolation  and  climatic  regions. 

Note:  lines  indicate  average  annual  mean  daily  solar  radiation  in  langleys. 


A typical  building  in  each  calego  y group  was  seiecicd 
on  wliich  to  base  the  beating  loads  analysis,  .Appendix 
B describes  buildings  selected.  Fbese  buildings  are  typi- 
cal ot  many  structures  lliroiigliout  the  DOl)  and  should 
exhibit  a reasonable  average  of  healing  load  per  unit 
area. 

Solar  System  Performance 

The  peilorinance  of  a solar  system  in  meeiing  the 
loads  was  determined  by  using  a manual  method  devel- 
oped by  ChRl.  thal  computes  the  percentage  ol  the 
load  met  by  solar  energy  for  various  collector  areas. 
This  method  (see  \ppendix  (')  is  based  on  the  lad  that, 
with  proper  normah/.ation  I'or  load  si/e  and  local  solar 
insolation,  the  peilorinance  ol  a given  sol.ii  system  lor 
a given  building  in  any  location  can  be  represented  by  a 
universal  pert'ormance  curve.'  Its  developmeni  was 
based  on  established  technology  and  calculaiion  meth- 
ods and  provides  sulTicient  accuracy  for  feasibility 
studies.  The  universal  curve  assumes  use  of  a single, 
gla/.ed.  selective-surface,  llat-plate.  water  collector. 
(The  collector  areas  given  in  this  report  are  for  this 
type  of  collector.)  Figure  2 shows  the  universal  curve 
for  space  heating,  which  was  used  to  determine  ihe 
amouni  of  load  that  could  be  salisfied  by  solar  energy. 
I'se  of  this  curve  requires  calculaiion  of  building 
energy  loads  and  compilation  of  on-site  weather  data. 
Using  this  information,  the  curve  relates  solar  system 
performance  to  (he  collector  area.  I bis  curve  (shown 
in  .Appendix  C')  can  he  represented  by  a general  equa- 
tion: 

P = al\  + hl>.^  |Fql| 

where  a and  b = constants 

p = percent  load  satisfied  by  solar 

P.,  = ( collector  area  X solar  insolation)/ 
building  load. 

Economic  Analysis 

The  method  used  to  deline  the  optimal  collector  aiea 
for  each  building  type  in  each  region  analytically  com- 
pares Ihe  capital  costs  involved  in  solar  sysicin  acqui- 
sition and  installalion  with  the  present  worth  ol  the 

’I).  Ilitllc.  0.  Ilotshouscr,  and  G.  Wallon. /nren'w /■'fe.v/7)/7- 
irv  Asscsstnrnf  Method  for  Solar  Heatiutt  and  Cooling  of  Armv 
Buildings,  lechnical  Report  I -9 1 /.\1) AO ’65SK  K I RI  , May 

1976)  and  I)  Kittle.  U.  Walton.  I).  Ilolshoiiser.  and  I).  l.ever- 
cn/,  Predii  tinx  the  I’crformanci;  ol  Solar  /•.neret  System  Simu- 
lation. Interim  Report  I -9H/.AI).\0.t56flH  K'l  Rl..  .laniiary 

1977) . 


fuel  saved  by  using  a solar  system.  The  Office  of  the 
Uhief  of  Fngmeets’  (OUF)  life-cycle  costing  (LCC)  in- 
structions"’ were  combined  with  the  building  loads, 
conventional  system  efficiencies,  solar  insolation  values, 
and  collector  areas  to  derive  a closed-form  equation 
(l.q  1 2)  that  could  be  used  to  determine  the  economic- 
ally optimum  collector  areas  for  each  building  type  in 
each  region. 

The  net  life-cycle  cost  is  defined  as  the  difference 
between  capital  costs  (CU)  for  solar  system  acquisition 
and  ihe  present  worth  (l’W(\)  of  fuel  saved  by  using 
ihe  solar  syslem,  as  shown  in  Fq  2. 

LC't'  = ('('  PWC,  ltq2) 

In  this  study,  capital  cost  is  assumed  to  include  all 
equipment  costs,  installation  costs.  a.  J the  present 
worth  cost  of  operation  and  mainlenance.  It  is  assumed 
thal  these  costs  vary  directly  with  collector  jreas,  as 
shown  in  Fq 

(C=YBA,  [Fq3| 

where  B = the  solar  system  cost  per  sq  ft  of  collector 
\^-  = the  collector  area 

Y = a factor  which  rellects  the  current  DOD 
time  value  of  money. 

Y can  be  determined  using  Fq  4; 

i(  1 + i I"  n 


where  i = 1)017  time  value  of  money 
n = facility  life  (years). 

The  capital  cost  repre.ents  money  spent  for  the  solar 
system  which  is  in  excess  of  costs  associated  with  the 
conventional  healing;  the  conventional  system  is  as- 
sumed to  be  auxiliary  to  the  solar  system. 

rite  present  worth  of  fuel  saved  by  the  solar  system 
is  given  in  Fq  5. 


'"rteV;  l.ife  Cyele  Costing  Instructions  (Department  of  Ihe 
Army.  May  1971). 
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MONTHLY  INCIDENT  RADIATION/MONTHLY  ENERGY 
REQUIREMENTS,  P5 


Figure  2.  I'niversal  curve  for  solar  heating  syslems. 


rwr,  = ^XPmQi  m l‘-‘l  -"'I 

" m 

vvherepn,  = the  monthly  pc’ceni  ol  load  met  by  solai 
as  given  in  Fq  1 

D=  the  cost  of  energy  Hiu 

n = the  elTiciency  of  the  conventional  heating 
system 

Q[  n,  = the  monthly  heating  load 

M = a factor  which  rellects  the  overall  cost  of 
fuel  at  a specific  innation  rale  over  the  fa- 
cility life. 

M is  given  m l;q  6. 

( M I )!'  I 

M=  |Fqh| 


n = the  number  of  years. 

1 he  universal  curve  presented  in  the  solar  simulation 
section  is  described  in  Kq  7: 

Pm  “ "^1 

where  a,  b = constant  derived  from  the  universal  curv'e 

Pm  = the  Y value  determined  on  a monthly  basis 

Psm  = ^^  |tq«l 

vl.m 

where  Qcm  ~ nionihly  solar  radiation  energy  on 
the  collector 

Ohm  ' monthly  energy  requirements 
I’sm  = the  X value  given  on  a monthly  basis. 


I 1 


wheie 


i = the  overall  inllalion  rale  of  fuel 


Inserting  F.q  7 into  tq  5 yields  Hq  9: 


m 


V + hPj,„  ) 0,  11-q  4) 

‘ m 

SubsiiUuing  tor  l\m  troni  \\q  S arui  (T  from  I’q  ^ 
yields  l:q  1 0: 

•Ain 

IXC=YB.-V  Ihqiul 


bMU  Y 
n “ Olm 


Savings  are  maximi/.eil  wlien  the  slope  of  ihc  ICC 
curve  Is  zero.  Tins  is  ohtained  hy  dilTerentlaiing  1-q  10 
with  respect  to  collector  area  and  setting  it  equal  to 
zero,  as  shown  in  tq  11; 


dice  ^ Y a^  V 


YB-^lQ,n,  Ihqll 


:bMD  y.  ^cm 

'1  m^lni  ■ ' 


1 . Installed  solar  system  component  costs 

2.  DOI)  time  value  of  money 

.V  Piesent  cost  of  fuel 

4.  Piojected  fuel  innation  rates 

5.  Kfficiency  of  conventiona  heating  system. 

This  study  was  performed  for  various  values  of  solar 
system  costs.  The  Tederal  Energy  Administration’s 
proposed  installed  solar  system  costs  of  S‘),  SIS,  and 
S20  per  square  foot  were  used.  These  costs  include  the 
collectors,  pumps,  piping,  heal  exchangers,  storage,  and 
controls,  .Annual  operating  and  maintenance  costs  are 
assumed  to  be  offset  by  the  reduced  cost  of  maintain- 
ing the  conventional  heating  system. 

The  IX)D  time  value  of  money  assumed  in  this  study 
was  1 0 percent*  (a  comparison  of  data  fora  6.5  percent 
1)01)  time  value  of  money  is  included  in  Chapter  3); 
this  assumes  that  the  money  could  be  invested  at  these 
rates  and  therefore  requires  solar  systems  to  achieve 
that  rate  of  return. 


The  normalized  area  where  this  occurs  is  obtained  by 
solving  for  \ and  is  given  by  Eq  1 2: 


nVB  .iMDVq^,,, 

Ac /optimum  J l^-M  ^-1 

2bMI)^  ( — - ) 


VVlien  the  cost  data  have  been  determined,  it  is 
necessary  to  establish  the  life-cycle  cost  for  the  fuel 
used  by  the  conventional  system  and  for  the  fuel  saved 
by  using  solar  energy  for  a portion  of  the  building  load 
based  on  the  estimated  solar  system  performance.  The 
present  fuel  cost  used  in  this  analysis  was  S3. 50  per 
million  Buis.  which  is  comparable  to  approximately 
S. 50/gallon  of  No.  2 fuel  oil. 


Eq  12  can  be  substituted  into  Tq  10  to  determine  the 
life  cycle  cost  at  the  optimum  collector  aiea.  The  value 
obtained  for  the  life-cycle  cost  represents  the  savings  of 
a solar  energy  system  only  if  it  is  negative,  i.e,,  the 
money  saved  over  Ihe  facility  life  exceeds  the  addition- 
al money  spent  for  the  solar  equipment. 


The  fuel  cost  differences  associated  with  the  con- 
ventional system  building  loads  and  .solar  system  con- 
tributions were  determined,  and  fuel  innation  rales 
(including  general  innation)  of  10  percent  and  8.5  per- 
cent for  the  20-year  system  life  were  applied. 


F igure  3 shows  the  life  cycle  cost  of  solar  systems 
versus  collector  area  based  on  the  above  formulae. 
The  lowest  point  on  Ihe  curve  represents  Ihe  collec- 
tor area  which  maximizes  the  dollar  savings  A^.^p^.  as 
given  III  Eq  I 2,  I he  crossover  point  represents  the  col- 
lector area  which  maximizes  the  fuel  savings  at  zero 
dollar  payback. 

The  following  information  is  required  in  order  to 
use  Eqs  10  and  1 2 to  determine  solar  system  economic 
feasibility 


3 FINDINGS 


Building  Inventory 

Building  inventory  data  were  obtained  by  state,  and 
solar  radiation  and  climatic  data  for  building  load 

‘(■encrally.  Ihe  OITicc  of  Manajiemem  and  Budget  also 
requires  the  use  of  1(1  pereeni  real  rate  of  discount  for  the  eval- 
uation of  eovcrnnient  investment  projects. 
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Figure  3.  Life  cycle  cost  vs.  collector  area. 


determination  were  obtained  for  four  cities  represen- 
tative of  each  climatic  region  ( i'lgure  I ). 

The  area  of  each  huilding  category  in  each  region 
was  determined  by  summing  individual  state  inventor- 
ies (see  Table  I ).  fhe  table  slurws  that  approximately 
700  million  sq  ft  (6.f  million  m^ ) ol  HOD  buildings  (4(t 
percent  of  total  UOD  inventory)  have  been  considered 
in  this  report.  It  was  not  possible  to  determine  either 
the  actual  roof  area  available  lor  Miounting  a solar  sys- 
tem or  the  building  orientation  from  these  inventories. 
It  was  therefore  assumed  that  if  a building  did  not  have 
the  proper  roof  area  or  orientation,  portions  ol  the  solar 
system  could  be  installed  at  grounu  level. 

Load  Determination 

The  monthly  building  heating  loads  for  the  eight 
building  types  were  determined  for  die  lour  solar 
insolation/cliniatic  regions  by  the  HUl  method. 

The  monthly  loads  weie  then  normali/.ed  hy  divid- 
ing the  load  by  lloor  area  of  the  considered  building 


(see  Tables  2,  3.  4.  and  5).  The  tables  show  the  month- 
ly heating  and  domestic  hot  water  heating  load  for 
each  huiluing  type  in  thousands  of  Btus  per  square  foot 
of  building  area.  The  huilditig's  normali/ed  loads  were 
then  multiplied  hy  the  total  area  of  buildings  of  that 
type.  Table  6 shows  the  total  estimated  loads  by  region 
and  building  type. 

I'hese  tables  show  only  average  regional  figures 
based  on  the  particular  structure  that  was  analyzed  and 
do  not  represent  actual  building  loads  for  all  locations 
in  the  region. 

Economic  Analysis 

Since  the  huilding  inventories  dtd  not  include  the 
numher  of  buildings,  but  rather  the  total  area  of  each 
building  type,  building  loads  were  normali/.ed  to  square 
foot  of  lloor  area.  Similarly,  the  optimum  si  ' ir  collec- 
tor area  was  calculated  on  a per  square  foot  of  building 
basis  for  each  region,  using  F'qs  10  and  12.  Tables  7 
through  10  give  results  of  these  calculations;  these  ta- 
bles represent  optimum  collector  area  only  for  the 


four  cities  siiidiod.  These  collector  areas  were  used  as 
averages  for  the  Iniildiiig  types  studied  for  each  region 
to  determine  the  potential  market. 

The  assumptions  and  factors  used  to  calculate  these 
tables  were: 

1 . Installed  solar  system  costs  can  be  described  on  a 
basis  of  square  foot  of  collector. 

1.  Building  loads  for  each  region  arc  based  on  aver- 
age climatic  and  solar  data  from  a specific  city,  and  are 
used  as  an  average  for  the  entire  region. 

.T  Buildings  selected  for  load  determination  are  rep- 
resentative and  can  be  expected  to  exhibit  loads  which 
are  average  for  most  buildings  of  that  type. 

4.  Initial  fuel  costs  are  S.T.xf)  per  MBtu. 

5.  Total  inllation  rates  used  in  the  study  were  10 
percent  and  8.5  percent. 

Based  on  a 10  percent  DOl)  cost  of  money  and  a 
fuel  inllation  rate  of  8.5  percent,  fable  7 shows  that  a 
solar  collector  area  is  not  optimum  until  the  installed 
system  cost  approaches  S'f^sq  ft.  .\s  the  economic  as- 
sumptions beemne  less  stringent  ( fables  8.  O.and  101. 
the  optimum  collector  area  increases  for  the  three 
system  costs,  and  solar  system  applications  become 
feasible  at  higher  installed  system  costs.  In  addition, 
the  tables  also  show  that  solar  system  cost-cllectiveness 
is  extremely  sensitive  to  both  the  lime  value  of  money 
and  the  predicted  fuel  innalion  rates. 

The  cost  of  installed  solar  systems  required  to  pro- 
duce cost-effective  solar  utih/ation  was  determined  by- 
setting  tq  I I to  i'ero  and  solving  for  B (installed  sys- 
tem cost  I.  Table  I 1 gives  the  results  of  this  calculation. 
The  installed  solar  heating  system  becomes  cost-eflec- 
tive  when  the  price  reaches  the  value  shovui  in  the  ta- 
ble. These  values  are  considerably  lower  than  current 
costs  for  installed  solar  systems. 

IVIarket  Potential 

The  market  potential  lor  .solar  heating  system  iitil- 
i/.ation  was  determined  for  each  region  by  multiplying 
the  optimum  collector  areas  by  the  regional  area  (in 
square  feet)  of  the  building  type  being  considered,  fa- 
bles 12  througli  14  show  the  sensitivity  of  the  market 


potential  lor  three  system  costs  (or  one  economic  scen- 
ario (i.e.,  10  percenl  DOD  lime  value  of  money  and  10 
percent  total  fuel  inllation  rate).  Tables  15  through  20 
show  the  market  potential  for  variations  of  the  DOD 
time  value  of  money  and  total  fuel  inllation.  The  re- 
gions of  greatest  market  potential  for  solar  systems 
(luctuale  based  on  installed  system  cost.  This  is  due 
to  the  various  insolation  and  building  load  ratios  which 
determine  the  amount  of  fuel  that  can  be  saved.  The 
tables  show  that  a signilicant  market  potential  for  solar 
heating  and  hot  water  systems  does  not  occur  until  the 
installed  system  costs  decline  to  less  than  S20/sq  ft 
(S2l5/m^).  fable  21  shows  the  total  market  potential 
lor  the  eight  building  categories  (or  each  of  the  four 
economic  cmidition  scenarios. 


4 CONCLUSIONS 


The  building  types  included  in  this  study  consisted 
of  (i83  million  sq  ft  ((il.5  million  m^ ).  or  40  percent 
of  the  DOl)  building  inventory.  The  annual  estimated 
space-heating  and  domestic  hot  water  load  for  these 
buildings  is  10.1  X lO'^  Btus.  which  is  equivalent  to 
S.160  million  of  S. 50/gal  heating  oil. 

family  housing,  by  virtue  of  its  large  area  (319 
million  sq  ft  [23.7  million  m‘[ ),  consumes  more  than 
40  percent  of  the  estimated  DOD  space-heating  and 
domestic  hot  water  load  of  the  buildings  studied  in 
each  region. 

for  the  f 1 \-recommended  economic  parameters 
(i.e..  10  percent  time  value  of  money  and  8.5  percent 
total  luel  inllation  rate),  solar  space  heating  and  hot 
water  heating  is  not  economical  in  comparison  to  oil 
heat  until  total  mstalled  solar  system  costs  become  SI  4/ 
sq  (t  (SI  50/m^ ).  When  installed  system  costs  reach  S‘)/ 
sq  (f,  the  potential  market  becomes  172  million  sq  ft 
( 1 5.5  million  m* ) o(  solar  collectors. 

for  all  economic  scenarios  considered,  family  hous- 
ing provides  the  largest  single  market  potential  for 
solar  space  heating  and  domestic  hot  water  heating.  At 
the  recommended  economic  parameters,  this  market 
potential  becomes  102  million  sq  ft  at  S')/sq  ft  (IU.2 
million  m‘  at  S97/m‘ ). 
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Table  1 

Building  Area  for  Each 

Insulation/Climatological  Region  (Sq  Ft  X 10^  ) 


Kegiun 


Buildiiig  Type 

1 

II 

III 

IV 

Total 

I amily  Housing 

7K.0 

85.3 

78.6 

77.4 

319.3 

Bachelor  1 nlisted  Ouurtcrs  (HI  Q) 

.i4.X 

34,0 

28.9 

25.3 

1 23.0 

Bachelor  OtTicers’  Quarters  (IK)Q) 

5.2 

7.4 

4.5 

4.1 

21.2 

Administration  Building 

14.3 

13.5 

20.3 

24.1 

72.2 

Training 

4,0 

6.0 

6.6 

9.8 

26.4 

Operational 

1 1,5 

13.8 

12.7 

14.4 

52.4 

Community  Support 

1.9 

2.1 

2.1 

2.4 

8.5 

Recreational 

16.1 

16.4 

13.2 

15.2 

60.9 

Total 

165.8 

178.5 

166,9 

172.7 

683.9 

(SI  Conversion  !■ 

;\ctor  1 

S(|  ft  = 

.09  in' 

Table  2 


Region  I (Los  Angeles,  CA) 
Estimated  Heating  Load  per  Building 
(kBtu/Sq  Ft  I 


^ Month 

PIdg.  Type 

Sep 

Oct 

Nov 

Dec 

Jan 

Ich 

Mar 

Apr 

May 

Total 

Administrativ.n 

2.77 

4.30 

10.02 

16.28 

19.41 

16,35 

16.10 

10.75 

7.56 

101.54 

ih:q 

3.22 

3.77 

5.21 

7,02 

7.97 

7.01 

7.30 

5.84 

4.81 

49.19 

BOO 

1.83 

2.41 

4.01 

5.91 

6.91 

5.90 

6,19 

4.66 

3.56 

41.38 

Operations 

2.66 

4. IS 

10.09 

15.77 

18,77 

15.83 

15,57 

10.38 

7.29 

1 00. 1 1 

Training 

2.56 

4.01 

9,35 

15.27 

18.14 

15.31 

15.08 

10.02 

7.03 

96.77 

1 

1 amily  Housing 

2.1 1 

2.57 

5.03 

8.62 

10.70 

8.50 

9.01 

6.19 

4.28 

57.01 

Support 

0,10 

0.10 

0.10 

0.24 

0.46 

0.12 

0.10 

0.10 

0.10 

0.63 

Recreation  ! 

1.62 

2.01 

3.94 

6.33 

7.68 

6.36 

5,88 

4.22 

2.80 

40.85 

(,SI  Conversion  l actors.  i sq  f'l  = .09  in^ 
I kltUi  I 055  J X 10’  I 
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Table  3 

Region  II  (Charleston.  SC) 
Estimated  Heating  Load  per  Building 
(kBtu/Sq  Ft) 


^ Month 

Bldg.  Type^  ' — 

Sep 

Oct 

Nov 

Dec 

Jan 

Teb 

Mar 

Apt 

May 

Total 

.-\dminiNtration 

0.24 

4.S0 

17.30 

27.14 

27.95 

23.71 

18.72 

4.31 

0.24 

124.11 

Bt;g  1 

2.S7 

4.37 

7.93 

1 1.69 

1 1.91 

10.77 

9.02 

4.27 

2.87 

65.70 

BOU 

i..n 

3.00 

6.79 

10.6S 

10.87 

9.71 

7.92 

2.90 

1.37 

54.58 

Oporatiixis 

0.24 

4 34 

16.77 

26.29 

27.09 

23.04 

18.20 

4,15 

0.24 

120.36 

Iraining 

0.2S 

4.19 

16.26 

25.46 

26.24 

22.37 

17.68 

4.01 

0.25 

116.71 

i amily  Housing 

2.11 

3. OS 

10.04 

10.37 

16.57 

13.89 

11.34 

2.93 

2.11 

72.41 

Support 

0.10 

(J.IO 

0.71 

2.04 

2.09 

1,51 

1.11 

0.10 

0.10 

7.76 

Recreation 

0.9S 

2.19 

6.96 

10.99 

I 1 .30 

9.29 

7.32 

2.25 

0.95 

52.20 

(SI  C iinversion  I iiclots  1 mj  It  = 09 
1 kH(u=  1 (155  J X 10’ I 


Table  4 

Region  111  (Columbia.  MO) 
Estimated  Heating  Load  per  Building 
IkBtu/Sq  Ft) 


— Month 

Bldg,  rype'^'^ 

Sep 

Oct 

Nov 

Dec 

Jan 

1 eb 

Mar 

Apr 

May 

Total 

.Administration 

3.51 

14  57 

35.68 

5 1 .00 

58.02 

46.35 

41,13 

20.17 

8.32 

278.75 

Bl  U 

3.60 

7.22 

15.22 

20.99 

23.56 

19.21 

18.82 

9.66 

5.33 

123.61 

Hi)Q 

2 21 

6.07 

14.24 

20.02 

22.60 

18.23 

17.84 

8.57 

4.06 

113.84 

Operations 

3 38 

14  14 

34.58 

49.56 

56.49 

44.97 

40.03 

19.62 

8.06 

268.81 

I rainine 

3.27 

13.72 

33.49 

48.12 

54.97 

43.60 

38.74 

19,08 

7.82 

262.81 

1 ainil>  Housing 

2 11 

8.66 

21. .36 

30.69 

34.55 

27.64 

25.67 

12.28 

4.80 

167.76 

Supp»>rt 

0.10 

0.56 

3.5.3 

6.84 

8,22 

6.62 

4.. 34 

1.54 

0.10 

31.86 

Recreation  | 

2.05 

5.84 

14,7.3 

22.24 

25.88 

2.3.03 

16.43 

8.03 

3.44 

121.37 

(SI  ( onverMitn  I jcfors  I vq  (t  - .09  m’ 
I kHIu  I OSS  J X 10’  I 


1(1 


r 


Table  5 

Region  IV  (Madison.  Wl) 
Estimated  Heating  Load  per  Building 
(kBtu/Sq  Ft) 


Month 

Bldg.  Type 

Sep 

Oct 

Nov 

Dec 

Jan 

teb 

Mar 

Apr 

May 

Total 

,\dministration 

12.06 

28.20 

54.05 

75.38 

83.33 

74.17 

64. .30 

38.16 

20.43 

450.08 

Bi;o 

6.16 

12.37 

22.90 

29.66 

.14.81 

30.65 

26.67 

17.29 

9.72 

190.23 

Boy 

4.98 

11.33 

21.93 

28.70 

33.87 

29.70 

25.71 

I6..30 

8.63 

181.15 

Operations 

11.71 

27.34 

52.58 

73.75 

81.65 

72.51 

62.70 

37.06 

19.84 

439.14 

Ifaining 

1 1 .36 

26.49 

51.12 

72.12 

79.97 

70.86 

61.10 

35.97 

19.26 

428.25 

l ainily  Housing 

1 

6.62 

16.97 

32.98 

44.72 

5 1 .09 

43.97 

38.60 

23.25 

1 1.32 

269.52 

Support 

0.37 

1.88 

7.33 

11.96 

13. .34 

11.25 

9.25 

4.03 

0.65 

60.06 

Recreation 

4.87 

10.94 

21.80 

34.19 

37.74 

32.69 

27.86 

15.18 

7.40 

192.67 

(SI  ( onvetMoii  1 actors  1 sq  ft  = .09  in’ 
I klitu  = 1.055  J X 10’) 


Table  6 

Total  Estimated  Heating  Load  by  Building  Category 
Btu  X 10'^ 

Kcgiun 


Building  Type 

1 

II 

III 

IV 

Total 

1 amily  Mousing 

4.4 

6.1 

13.2 

20.8 

44.5 

B1  U 

1.7 

2.2 

3.6 

4.8 

12.3 

BOO 

0.2 

0.4 

0.5 

0.7 

1,8 

Administration 

1.5 

1.7 

5.7 

10.3 

19.2 

Iraining 

0.4 

0.7 

1.7 

4,2 

7.0 

Operations 

1.2 

1.7 

3.4 

6.3 

12.6 

Support 

- 

- 

0.1 

0.1 

Recreational 

0.6 

0.9 

1.6 

2.9 

6.0 

I otal 

10.0 

13.7 

29,7 

50,1 

103.5 

(SI  Conversion  I actor:  1 sq  ft  - .09  m’ ) 

17 


Table  7 

Optimum  Collector  Area  Per  Square  Foot  of  Building  Area 


Region 

I 

II 

III 

HiiiMing  (vpe 

9 IS 

>0  9 1,5 

20  9 

15 

20  9 

II  'Ml  ♦ 

II  1 /•< 

0 1 /'I 

or.|8 

HI  U 

II  IS.t 

0,1  28 

0.331 

0.286 

IlOU 

11.14’ 

0.098 

0.249 

0.254 

Operations 

0.2511 

0.169 

0.463 

- 

0.598 

1 rainmg 

0.242 

0.163 

0.449 

- 

0.580 

1 amily  Housing 

0.l.f3 

0.113 

0.282 

- 

0.354 

Suppf)ri 

0,017 

- 

0.025 

- 

0.028 

Recreation 

0.1 18 

0.082 

0.234 

- 

0.246 

I ime  Value  ot  Mf>ne>  = 10'7,  I uel  InOation  Rate  = 8.5'7 

•The  values  obtained  were  ne^taiive.  indicaline  that  the  solar  s>stem  was  not  cost  effective. 
tSl  C'lrnversion  1 actor:  1 sq  ft  = .tld  m* ) 

Table  S 

Optimum  Collector  Area  Per  Square  Foot  of  Building  Area 


Region 

1 

II 

III 

IV 

Building  Type 

9 

15 

20 

9 

IS 

20  9 

15 

20 

9 

15 

Adrmnistration 

0 414 

o.:i3 

0.045 

0.456 

0.089 

* 0,805 

0.380 

0.026 

1 .000 

0.206 

H\i) 

0,292 

n.l5(t 

0.032 

0.3.34 

0.065 

0.557 

0.263 

0.018 

0.913 

0.095 

BOO 

0.226 

n.i  17 

0.025 

0.256 

0,050 

0.418 

0.197 

0.014 

0.810 

0.085 

Operations 

0.400 

i».20(> 

0.044 

0.441 

0.086 

0.778 

0.367 

0.025 

1 .000 

0.199 

Training 

0.385 

0.194 

0.042 

0.426 

0.083 

0.754 

0.356 

0.024 

1.000 

0.193 

i amiiy  Housing 

0.251 

0.097 

0.295 

0.058 

0.474 

0.224 

0.015 

1 .000 

0.II8 

Support 

0.031 

0.012 

0.028 

0.089 

.006 

- 

0.089 

0.009 

Recreation 

0 188 

0.097 

0.021 

0.214 

0.042 

0.392 

0.185 

0.013 

0.784 

0.082 

lime  Value ol  Vlone>  = lli'T  1 uel  Inllalion  Kale  = IlK' 

* Ihe  values  obtained  were  negative,  indicating  that  the  solar  system  was  not  cost  effective. 
(SI  Conversion  f actor  1 sq  ft  = .09  in’ ) 


IS 


Fable  9 

Optimum  Culleclur  Area  Per  Square  Foot  of  Building  Area 


Region 

1 

_ _ II 

III 

IV 

Building  Type 

9 

15 

20  9 IS 

20  9 

15 

20  9 

IS 

20 

Adn)ini>ir;ition 

(I..t65 

0.131 

• 0.336 

0.701 

0.206 

1 .00 

B1  Q 

0.257 

0.092 

0.26S 

0.4K5 

0.143 

0.712 

BOQ 

0.199 

0.072 

0.205 

0.364 

0.107 

) 0.638 

- 

- 

Operations 

0.352 

0.126 

0.353 

0.667 

0.199 

1 .00 

- 

- 

Training 

0.339 

0.122 

0.342 

0.656 

0.193 

1.00 

- 

- 

l amily  Housing 

0.213 

0.034 

0.237 

0.413 

0.121 

0.880 

- 

- 

Support 

0.027 

0.004 

0.01  1 

0.069 

- 

0.070 

- 

- 

Recreation 

0.166 

0.060 

0.171 

0..342 

0.100 

0.612 

. 

_ 

lime  Value  of  Money  = 6.5'”.  fuel  Inflation  Rate  = S.5'1 

*The  value.s  obtained  were  negative,  indicating  that  the  volar  system  was  not  cost  effective. 
(SI  Conversion  l actor  I sq  ft  = .119  m' ) 


Fable  10 

Optimum  Collector  Area  Per  Square  Foot  of  Building  Area 


Region 

1 

II 

III 

IV 

Building  Type 

9 

15 

20 

9 

15 

20 

9 

15 

20 

9 

15 

20 

Administration 

0,484 

0.329 

0.200 

0.583 

0.300 

0.065 

0.952 

0.624 

0.352 

1 .00 

1.00 

0.087 

m-Q 

0.341 

0.232 

0.141 

0.427 

0.220 

0.047 

0.658 

0.432 

0.243 

1.00 

0.565 

0.040 

BOQ 

0.264 

0.180 

0.109 

0,327 

0.168 

0.036 

0,494 

0.324 

0.183 

1.00 

0.501 

0.036 

Operations 

0.467 

0.317 

0.192 

0.563 

0.290 

0.062 

0.920 

0.603 

0.340 

1.00 

1 .00 

0.084 

Training 

0 450 

0.306 

0.186 

0.544 

0,280 

0.060 

0.891 

0.585 

0.329 

1.00 

1.00 

0.082 

l amil)  Housing 

0.304 

0.186 

0.087 

0.377 

0.194 

0.042 

0.561 

0.368 

0.207 

1.00 

0.699 

0.050 

Support 

0.038 

0.023 

0.011 

0.052 

0.1  18 

0.054 

0.117 

0.055 

0.004 

Recreation 

0.220 

0.150 

0.091 

0.273 

0.141 

0.030 

0.464 

0.304 

0.171 

1 .00 

0,485 

0.035 

rime  Value  of  Money  = b.5%,  l uel  Inflation  Rate  = 10'^ 

* The  values  obtained  were  negative,  indicating  that  the  solar  system  was  n(st  cost  effective. 
(SI  Conversion  ( actor:  / sq  ft  = .()'>  in’) 
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Table  1 1 

Solar  System  Cost  Required  for  Maximum  Dollar  Savings* 


Time  Value  of  Money/ 
Fuel  Inflation  Rate 

Region  1 

Region  II 

Region  III 

Region  V 

l09;/8.5% 

SI  4. 20 

SI  0.90 

SI  1.70 

S10.40 

I0"r./I0';. 

S2I.40 

SI  6.50 

SI  7.70 

$15.70 

6.5%/8.5% 

SI  8.40 

S14.20 

SIS. 20 

$13.60 

6.5%/10'T 

S27.80 

S 2 1.40 

S2.V00 

$20.40 

‘Based  on  eolleetor  area  tlial  optiini/.es  use  of  solar  energy  for  heating  and  domestic  hot 
water  heating. 


Table  1 2 

Potential  Market* -S9/Sq  Ft 
Sq  Ft  X 10'’ 


Region 


Building  Type 

1 

II 

III 

IV 

Total 

Tainily  Mousing 

19.6 

25.2 

37.3 

87.4 

169.5 

Bl  Q 

lO.I 

1 1.3 

16. 1 

23.1 

60.5 

BOU 

1.2 

1.9 

1.9 

3.3 

8.3 

Administration 

5.9 

6.2 

16.3 

47.5 

75.9 

Training 

1.5 

2.5 

5.0 

18.1 

27.1 

Operations 

4.6 

6.1 

9.9 

27.6 

48.2 

Suppt»rt 

0.1 

0.1 

0.2 

0.2 

0.6 

Recreational 

3.0 

3.5 

5.2 

1 1.9 

23.6 

lotal 

46.0 

56.8 

91.9 

219.1 

4 1 3.8 

lime  VjIuc  Money  = 10'^ 

Total  I itel  inflation  - 10'' 

(SI  Conversion  I actor  1 It  = .09  riC  t 


Table  13 

Potential  Market*-S15/Sq  Ft 
Sq  Ft  X 10^ 


Region 


Building  Type 

1 

II 

Ill 

IV 

Total 

Tamily  Mousing 

7.6 

4.9 

17.5 

9.1 

39.1 

Big 

5.2 

2.2 

7.6 

2.4 

17.4 

BOQ 

0.6 

0.4 

0.9 

0.3 

2.2 

.Administration 

3.0 

1.2 

7.7 

5.0 

16.9 

Training 

0.8 

0.5 

2.4 

1.9 

5.6 

Operations 

2.4 

1.2 

4 6 

2.9 

11. 1 

Support 

- 

- 

- 

- 

- 

Recreational 

1.5 

0.7 

2.4 

1.2 

5.8 

Total 

12. 1 

II. 1 

43.1 

22.8 

98.1 

*1)01)  Time  Value  of  Money 

= 109!- 

Total  I'uel  Inflation  = 10% 

(SI  Conversion  l aetor;  I sq  ft  = .09  m*) 


1 


Table  14 

Potential  Market*  S20/Sq  Ft 
Sq  Ft  X 10* 

Region 


Building  Type 

1 

II 

Ill 

IV 

Total 

Tainily  Mousing 

1.2 

1.2 

BIO 

u 

0.5 

0.6 

BOU 

0.1 

0.1 

0.2 

Administration 

O.b 

0.5 

l.l 

Training 

0.: 

- 

0.2 

0.4 

Operations 

0.5 

- 

O.-l 

0.8 

Support 

- 

Recreational 

0.4 

0.2 

0.6 

Total 

1.9 

3.0 

4.9 

*1)01)  Time  Value  of  Money  = 109^ 

Total  I uel  Inllation  = 10/c 

(SI  C onversion  l actor:  1 sq  ft  = .09  ) 


Table  16 

Potential  Market*-Sl  5/Sq  Ft 
Sq  Ft  X 10* 

Region 


Building  Type 

1 

II 

III 

IV 

Total 

Tamily  Mousing 

14.5 

16.6 

28.9 

54.1 

114.0 

Bl  Q 

8.1 

7.5 

12.5 

14.3 

42.3 

BOO 

0.9 

1.2 

1.5 

2.1 

5.7 

Administration 

4.7 

4.1 

12.6 

29.4 

50.8 

Training 

1.2 

1.7 

3.9 

11.2 

18.0 

Operations 

3.6 

4.0 

7.6 

17.1 

32.3 

Support 

0.04 

0.1 

- 

0.1 

0.2 

Recreational 

2.4 

2.3 

4.0 

7.4 

16.1 

Total 

35.4 

37.5 

71.0 

135.7 

279.5 

*1H)1)  l ime  Value  of  Money  = 6.5'?^ 

Tola!  l uel  Inflation  - 10‘r 

(S!  C onversion  ! actor;  1 sq  ft  = .09  tn^ ) 


Table  1 5 

Potential  Market*  S9/Sq  Ft 
Sq  Ft  X 10* 

Region 


Building  Type 

I 

II 

III 

IV 

Total 

1 amily  Mousing 

23.7 

32.2 

44.0 

1 14.3 

214.2 

BI  0 

1 1.9 

14.5 

19.0 

30.2 

75.6 

BOO 

1.4 

2.4 

2.2 

4.4 

10.4 

Administration 

6.9 

7.9 

19,3 

62.2 

‘>6,2 

Training 

1 .8 

3.2 

5.9 

23.6 

.34.6 

Operations 

5.4 

7.8 

12.7 

36.1 

61.9 

Suppt)rt 

0.1 

0.1 

0.2 

n.3 

0.7 

Recreational 

3.5 

4.5 

6.1 

15.6 

29.7 

Total 

54.7 

72.6 

109.4 

286.7 

523.4 

*nOl>  Time  Value  of  Mone>  = 6.5% 

Total  fuel  Inflation  = 10% 

(SI  C'onversion  l actor  1 sq  ft  = .09  m’ ) 


Table  17 

Potential  Market*-S20/Sq  Ft 
Sq  Ft  X 10^ 

Re^pon 


Building  Type 

1 

II 

III 

IV 

Total 

l amily  Mousing 

6.8 

3.6 

16.3 

3.8 

30.5 

Bl  0 

4.9 

1.6 

7.0 

1.0 

14.5 

BOO 

0.6 

0.3 

0.8 

0.1 

1.8 

Administration 

2.8 

0.9 

7.1 

2.1 

12.9 

Training 

0.7 

0.4 

2.2 

0.8 

4.1 

Operations 

2.2 

0.9 

4.3 

1.2 

8.6 

Support 

- 

0.0 

Recreational 

1.5 

0.5 

2.3 

0.5 

4.7 

Total 

19.5 

8.2 

40.0 

9.5 

77.1 

•IX)I>  Time  Value  of  Money  = 6.5% 

Total  Tuel  Inflation  = 10% 

(SI  C'onversion  factor;  1 sq  ft  = .09  m’ ) 


1 


Table  18 

Potential  Market*- S9/Sq  Ft 
Sq  Ft  X 10^ 

Region 


Building  Type 

1 

It 

111 

IV 

Total 

1 amily  Mousing 

ltl.4 

9.6 

22.2 

27.4 

69.6 

1)1  0 

6.4 

4.4 

9.6 

7.2 

27.6 

BOQ 

U.7 

0.7 

l.l 

1.0 

3.5 

Administration 

.■).7 

2.4 

9.7 

14.9 

30.7 

Training 

1.0 

1.0 

3.0 

5.7 

10.7 

Operations 

2.4 

2.3 

5.9 

8.6 

19.7 

Support 

0.1 

0.1 

0.2 

Recreational 

1.9 

1.3 

3.1 

3.7 

10.0 

Total 

27.0 

21.7 

54.7 

68.6 

172.0 

*1)01)  Time  Value  of  Money 

= lo-.- 

fotai  1 uel  Intlalion  = 8.5  ’ 

(SI  ('onversion  1 

actor;  1 sq 

ft  = .09 

m’  I 

Table  19 

Potential  Market*- S9/Sq  Ft 

Building  Type 

Sq  Ft  X 10* 

Region 

1 II  III 

IV 

Total 

1 jtnily  Housing 

16.6 

20.2  32.5 

68.1 

137.4 

HI  0 

8.9 

9.1  14.0 

18.0 

50.0 

BU() 

1.0 

1 .5  1 .6 

2.6 

6.7 

Administration 

5.2 

4.5  14.2 

24.1 

48.0 

Training 

1.4 

2.1  4.3 

9.8 

17.6 

Operations 

4.0 

4.9  8.5 

14.4 

31.8 

Support 

0.1 

0.1 

0.2 

0.4 

Recreational 

2.7 

2.8  4 5 

9.3 

19.3 

Total 

39.9 

45.1  79.7 

146.5 

311.2 

♦1)01)  I line  Value  of  Money  6.5'7 

total  I ucl  InHation  - K.5  I 


Table  20 

Potential  Market*-Sl  S/Sq  Ft 
Sq  FtX  10* 


Region 


Building  Ty  pe 

1 

II 

III 

IV 

Total 

1 amily  Housing 

2.7 

9.5 

12.2 

mo 

3.2 

- 

4.1 

- 

7.3 

BOO 

0.4 

- 

0.5 

- 

0.9 

Administration 

1.9 

- 

4.2 

- 

6.1 

Training 

0.5 

- 

1.3 

- 

1.8 

Operations 

1.5 

- 

2.5 

- 

4.0 

Support 

- 

- 

- 

- 

- 

Recreational 

1.0 

- 

1.3 

- 

2.3 

Total 

1 1.2 

_ 

23.4 

_ 

34.6 

*1)01)  I inic  Value  of  Money  = 6.5% 

Total  I'uel  Inflation  = 8.5% 

(SI  Conversion  I actor:  1 sq  ft  = .09  m^) 


Table  21 

Market  Potential  for  Solar  Heating  and  Hot  Water 
Sq  Ft  X 10*^ 


Time  Value  of  Money 

107r 

10  % 

6.5% 

6.5% 

Total  Fuel  Inflation 

10% 

8.5% 

10  % 

8.5% 

Installed  System  Cost 

$ 9/Sq  Tt 

413 

172 

523 

320 

SI5/Sq  M 

98 

279 

34 

S20/Sq  M 

5 

_ 

77 

- 

(SI  Conversion  I actor;  1 sq  ft  = .09  m’) 


(SI  Conversion  \ actor  ! sq  ft  - .09  m* ) 


' — 


CITED  REFERENCES 


ASHRAt^  Ilamlbook  of  Fundamentals  (American  So- 
ciety of  Heating.  Refrigeration,  ami  Air-Condition- 
ing Engineers.  072). 

Climatic  Atlas  of  the  United  States  (U.  S.  Department 
ofCommerce.  |d6S), 

Duffie,  J.  .‘\.  and  W.  .A.  Bechman. So/ar/fnrrgv  rtiennai 
Processes  {Wiley . 1974), 

Fngineering  Weather  Data.  AEM  S8-K.  Chapter  6 (De- 
partment of  the  Air  Force). 

Kittle.  D..  D.  Molshoii.ser.  and  U.  VVallon.  Interim  I'eas- 
ihility  .Assessmeni  Method  for  Solar  Heating  and 
Cooling  of  Army  liuildings.  lechmcal  Report  Fi- 
91/ADA026-S88  (U,  S.  Army  Construction  Engi- 
neering Research  Laboratory  [CFiRL|.May  197b). 

Hittle.  D.,  G.  Walton.  D.  Holsliouser.  and  D.  Leveren/.. 
Predicting  the  Performance  of  Solar  Fnergy'  System 
Simulation.  Interim  Report  E-9S/,AD.AD.15b08 
(CERE.  January  1977). 

OCF.  Life  Cycle  Costing  Instructions  (Department  of 
the  Army.  May  1971 ). 


Solar  energy  Government  Buildings  Program,  Policy 
and  Implementation  Plan  (The  Mitre  Corporation, 
January  1977). 

Windingland,  L.  M.  and  D.  C.  Hittle,  Energy  Utiliza- 
tion Index  .Method  for  Predicting  Building  Energy 
Use.  Technical  Report  E-105  (CERE,  May  1977). 

Windingland,  L.  M..  G.  N.  Walton,  and  D.  C.  Hittle, 
Market  Potential  Study:  Solar  Domestic  Water 
Heaters  in  DOD  Barracks.  Technical  Report  E-102/ 
ADA036479  (CERE.  February  1977), 


UNCITED  REFERENCES 


Bliss.  R.  W..  “The  Deviation  of  Several  Plate  Efficiency 
Factors  Useful  in  the  Design  of  Flat-Plate  Solar  Heat 
Collectors."  .'solar  Energy.  Vol  3,  No.  4 ( 1 959). 

Klein,  S.  .A.,  “Calculation  of  Flat-Plate  Collector  Loss 
Coefficients."  International  Solar  Energy  Society 
Meeting.  Fort  Collins,  CO  (1974). 

TR.XSYS,  .1  Transient  Simulation  Program  (Solar  Ener- 
gy Laboratory,  University  of  Wisconsin,  1974). 


f 


APPENDIX  A: 

ENERGY  UTILIZATION 
INDEX  (EUl)  METHOD 


I EL'l  IS  a manual  compuiaiional  nu^ihod  specifically 

k designed  to  analyze  the  heating  and  cooling  energy  re- 

[ quiremenis  of  Army  huildings.  The  method  uses  a vari- 

I ely  of  physical  building  data  and  specific  meteorolog- 

i ical  data  to  determine  the  monthly  and  annual  building 

I heating  loads.  The  pertinent  data  required  to  use  this 

r method  are: 

I 


I 

i 


1 

I 


I, 

s 

3. 

4. 

5. 

6. 
7. 
H. 
u. 


Monthly  heating  degree  days 
Incident  solar  radiation  per  month 
Monthly  average  wind  velocity 
E.xterior  walls  and  roof  composition  and  area 
Window  and  glass  area 
Number  of  doors  and  windows 
Underground  fioor  and  wall  composition 
IToor  areas 

Inside  set-point  temperature 


The  total  monthly  heating  load,  OHtoial- 
determined  by  using  bq  A1 : 

Ollloi.xL  = OHi  NV  + OHiNl  -QHrad  + lEqAl) 
Qlli  1.00R  ~OHint 

Values  for  separate  equations  for  each  factor  in  Eq 
■A1  are  obtained  from  building  data,  weather  data,  and 
tables  and  curves  presented  in  the  EUl  method. 

The  heating  load  from  conductive  heat  transfer 
through  the  building  envelope.  OII|>;v.  primarily  a 
lunction  of  ( I ) the  envelope  area,  (2)  the  conductance 
of  envelope  materials,  (3)  the  inside  temperature,  and 
(4)  the  outside  temperature. 

The  building  envelope  is  defined  as  the  total  area  of 
all  building  surfaces  (walls,  roofs,  windows,  floors,  and 
doors)  which  are  e.xposed  to  the  outside  air. 

rile  conductance  of  envelope  materials,  or  the  build- 
ing equivalent  L'-value.  is  the  weighted  average  thermal 
conductance  for  the  exposed  building  envelope  area. 
This  value  is  determined  as  follows: 

1 . The  areas  of  each  surface  type  arc  calculated. 

2.  Each  surface  is  multiplied  by  its  U-value  from 
ASllRAE  tables." 


1 0.  Mechanical  ventilation  rate 
I I . Occupancy  levels 
I 2.  Boiler  turnace  efficiency. 

file  I.UI  iiiethod.  developed  from  extensive  com- 
puter simulations,  disaggregates  the  total  heating  load 
into  five  individual  load  components: 

1 . 0ll|.»4v  = building  envelope  heating  load 

2.  0ll|M  = infiltration  healing  load 

3.  01Ir.\1)  = solar  radiation  heat  gain 

4.  OH|  looR  = heating  load  due  to  underground 
Moors  and  walls 

5.  Qll|\  \ = internal  heat  gam. 


3.  file  products  of  the  structural  envelope  areas  and 
U-value  are  summed  and  divided  by  the  total  envelope 
area  to  obtain  the  building  envelope  and  equivalent  U- 
value. 

Each  monthly  heating  load  is  determined  by  using 
the  number  of  heating  degree  days  (HDDs)  per  month. 
Ellis  load  is  then  adjusted  for  buildings  of  different 
equivalent  U-values  by  using  a correlation  factor  pro- 
vided III  the  IT 'I  method  which  is  based  on  envelope 
load  variations  with  envelope  equivalent  conductances. 
In  addition,  correction  for  variations  in  envelope  areas 
is  made  by  using  the  ratio  of  the  building  envelope  area 
to  the  liUl  characteristic  building  envelope  area.  Final- 
ly. the  envelope  healing  load  is  adjusted  by  using  a cor- 
relation factoi  based  on  inside  set-point  temperatures. 
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llio  intillialion  load,  01  li^l  , is  a liiiKlion  ol  ihe  air 
change  rate,  outside  weailiei  conditions,  and  tlie  inside 
set-point  temperature. 

In  raniily  liousnig.  the  inriltiation  is  dominated 
mainly  h\  \miu1  veloun  and  laclors  such  as  dooi  open- 
ings. lurnace  exhaust,  and  h.iihioimi  tan  opeiation. 
Ihe  haiiacks  and  admiiiMiatioii  huildiiigs  aie  assumed 
to  he  pres..uii/ed  and  thercrore  have  no  inlillration 
rate.  Instead,  then  actual  ventilation  rales  aie  used  in 
the  calculations,  II  the  huildings  do  not  use  outside 
ail  .ind  ate  not  picssuii/ed,  standard  mtiltralioii  tales 
are  used.  The  support  ,ind  recieational  buildings  aie  as- 
sumerl  to  he  partialK  piessuii/ed.  hut  door  openings 
result  III  an  ei|uivalciil  irilillialion  rale  ol  l.d.s  cu  It 
min  (.035  in’ /mm)  per  opening. 

The  variation  of  innitiation  Heating  loads  due  to 
climatic  elTects  and  inside  set-point  temperaiiires  is  ac- 
counted tor  hy  a correlation  beivveeii  mfillration  heal- 
ing loads  and  monthly  HDDs.  Ihis  correlation  is  not 
altered  by  secondary  etl'ects  such  as  solar  gam  and 
building  mass.  .Again,  the  1 1 1 method  allows  I'oi  coi- 
rection  based  on  the  inside  sel-pomt  temperature  tor 
the  building  being  considered. 

Solar  radiation  heal  gain,  (JHk.mi-  through  the  win- 
dows of  (he  building  depends  on  three  primary  variables: 
(I)  the  total  area  of  windows.  (2)  the  incident  solai 
radiation  available  pet  location,  and  (3)  the  solar  angle. 
Radiation  gam  through  windows  is  considered  to  be 
directly  proportional  to  total  window  areas.  Incident 
solar  radiation  on  a hori/onlal  plane  varies  gieatly  hy 
location,  and  depends  on  latitude,  lime  of  year,  eleva- 
tion above  sea  level,  weather,  and  atmospheric  pollu- 
tion conditions.  Ihe  1 1 1 method  presents  tables  which 
provide  the  average  daily  incident  radiation  (in  langleys 
per  day)  foi  each  month  by  location. 

The  solar  angle  varies  with  lalituile  aiul  lime  ol  the 
year:  therefore,  solar  raihalion  through  windows  was 
delei mined  by  season,  and  different  curves  aie  useil 
depending  on  the  month  being  consiilered.  Ihe  only 
other  factor  that  significantly  affects  solar  radiation 
heal  gam  is  building  and  glass  orientation.  I he  method 
was  developed  by  assuming  an  even  glass  distribution 
around  the  building,  glass  distribution  and  orientation 


of  the  building  can  therefore  be  considered  by  adjust- 
ing the  window  area. 

The  heating  load  due  to  lloors  and  underground 
walls.  (Jill  I ooK  • is  a function  ot  the  area  and  U-values 
ol  these  components  and  the  difference  betw'een  inside 
sel-pomt  and  average  ground  temperature. 

riie  heal  How  througli  lloors  and  underground  walls 
IS  Healed  as  a steady-stale  conduction  heat  transfer, 
with  the  temperature  difference  being  the  difference 
between  inside  set-point  and  average  ground  tempeia- 
lure.  ' 

This  healing  load  component  is  adjusted  by  using  a 
correlation  between  HDDs  and  the  number  of  hours 
the  building  is  in  the  heating  mode.  The  heat  How  is 
calculated  foi  each  month  that  the  building  stays  in 
the  heating  mode  using  equations  and  curves  presented 
in  the  Lid  method.  Secondary  effects  such  as  the  ef- 
fect of  changes  in  building  equivalent  U-value  and  in- 
nilration  rales  on  the  duration  of  heating  mode  are  as- 
sumed to  be  minor. 

Hie  mteinal  heal  generation.  QHini  . in  a building  is 
a function  of  the  level  of  occupancy,  ligliting.  and 
equipment  operation,  as  well  as  the  number  of  hours 
during  which  the  building  is  in  the  heating  mode, 
file  schedules  of  occupancy,  lighting,  and  equipment 
which  define  the  load  factors  for  the  different  hours  of 
the  day  are  considered  when  calculating  the  amount  of 
inieinal  heal  generation  occurring  during  Ihe  heating 
mode.  This  gam  is  adiusted  for  by  using  a correlation 
between  the  monthly  heating  degree  days  and  the  in- 
ternal heal  gain. 

The  iniernal  gain  varies,  depending  on  the  level  of 
occupancy  in  the  family  residences  and  the  occupants' 
appliance  and  lighting  usage  habits.  The  internal  gain 
in  the  barracks  is  directly  related  to  the  level  of  occu- 
pancy since  occupancy  variations  change  the  occupant 
load  as  well  as  equipment  and  lighting  loads.  At  occu- 
pancy levels  less  than  full  capacity,  the  usage  per  occu- 
pant changes,  since  some  lighting  and  equipment  loads 
are  independent  of  occupancy  levels.  To  adjust  for 
these  variations,  an  occupancy  correction  factor  is  used. 


APPENDIX  B: 

BUILDING  PHYSICAL  DESCRIPTION 


Administration  Building 

The  adininislration  Iniilcimg  scleclcd  tor  analysis 
was  a tw'o-ballalion  headquarters  and  classroom  build- 
ing. This  building  is  a ehannel-shaped.  one-story  struc- 
ture. with  a ground  lloor  area  ol  14,14(1  sq  it  ( 1 272.b 
m^  ) and  a basement  lloor  area  ol  .1000  sq  it  (270  m’ ). 
The  length  and  width  are  17b  and  SO  it  (.s2.S  and  24 
m),  respectively.  Hie  total  esterioi  wall  area  is  7S54  sq 
it  (70b.b  m* ),  oi  which  7 percent  (554  sq  it  (4‘)S.b 
m^  I ) is  comprised  oi  single-gla/ed  w indows  and  glass 
doors.  This  building  was  constructed  m 1 074  and  has  a 
total  equivalent  envelope  Ll-vahie  oiO.2 1 Htu/°l  -hr-sq  it. 

Family  Housing 

The  iamily  housing  buildingselected  was  a one-story, 
single-ianiily  house.  Its  total  lloor  area  is  1573  sq  it 
(141.5  ni^ ),  and  its  length  and  width  are  50  and  41  it 
(15  and  12.3  in),  respectively.  The  total  e.xterioi  wall 
area  is  I 7b7  sq  it  ( I 50  m’ ) oi  which  I 7 percent  (303 
sq  it  (27.2  111’ I ) is  glass  area,  l liis  building  was  con- 
structed in  1057  and  has  a total  equivalent  envelope 
U-value  oi0.2b  Btu,''°T-hr-sq  it. 

Bachelor  Enlisted  Quarters 

The  bachelor  enlisted  quarters  selected  ior  analysis 
was  a ioiir-modiile.  three-story  barracks.  This  structure 
has  a total  lloor  area  oi  24.7b2  sq  it  (2208.6  in’);  its 
length  and  width  are  21b  and  4b  it  (65  and  14  m), 
respectively.  The  total  exterior  wall  area  is  11,348  sq 
it  (1021  111^),  oi  which  I 1 percent  (I  1 00  sq  it  (108 
111*))  is  comprised  oi  single-gla/ed  windows.  Ihis 
building  was  constructed  in  1073,  and  has  a total 
equivalent  envelope  U-vahie  oi0.2b  Utu/‘’F-hr-sq  it. 


Community  Support 

The  community  support  building  selected  is  a recent- 
ly built  (1073)  commissary.  This  rectangular-shaped 
building  has  a length  and  width  oi450  and  200  ft  (135 
and  bO  in),  respectively,  accounting  for  its  00,000  sq  ft 
(8100  111’ ) oi  lloor  area.  The  total  exterior  wall  area  is 
24.600  sq  ft  (2214  itt^  I of  which  24  percent  (5052  sq 
it  1 53b  111^1  ) is  comprised  oi  window  or  glass  door 
area.  The  total  equivalent  envelope  U-value  for  this 
building  is  0.2 1 Btu/°T-ltr-sq  it. 

Recreation  Building 

The  recreation  building  selected  ior  analysis  was  an 
enlisted  men's  club  that  was  constructed  in  1058.  This 
one-story  structure  has  a total  lloor  area  of  approxi- 
mately 28,607  sq  it  (2675  m^ ).  The  length  and  width 
oi  this  building  are  256  and  148  it  (76,8  and  44.4  m). 
respectively.  The  total  exterior  wall  area  is  1 1,040  sq 
ft  (1075  111^)  of  which  12  percent  (1488  sq  ft  (134 
111^  I ) is  composed  of  w indows.  The  total  equivalent 
envelope  U-value  for  this  building  is  0.24  Btu/°F-hr- 
sq  ft. 

Operations,  Classrooms 

The  operations  and  classrooms  buildings  were  modi- 
fied versions  of  the  administration  building  described 
previously.  In  analy/ing  the  operations  building,  the 
occupancy  level  was  increased  to  1.5  times  that  of  the 
administration  building.  In  the  classroom  analysis,  the 
occupancy  level  was  increased  to  2.0  times  that  of  the 
administration  building. 

Bachelor  Officers  Quarters 

The  bachelor  officers  quarters  analyzed  was  a modi- 
lied  version  ol  the  bachelor  enlisted  quarters  previous- 
ly described.  In  analyzing  the  bachelor  officers  quarters, 
the  occupancy  level  was  decreased  to  one-third  of  the 
occupancy  level  of  bachelor  enlisted  quarters. 
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APPENDIX  C. 

USE  OF  UNIVERSAL  CURVES 


l-iijiircs  Cl  and  Cd  sliow  iiiuveisal  cuives  liiv  solar 
hoi  water  healing  and  Innlding  heating.  The  \ axis  of 
the  eurve  is  the  solar  system  peilormanee  paianieter. 
The  Y axis,  p is  the  Traetntn  ol  Q|  snpi'hed  hy  ihe 
solar  eolleetor  system.  Lise  ol  the  universal  eurve  pei- 
mits  determination  ol  the  peiceiilage  ol  the  load  wTiieh 
can  be  met  by  any  selected  aiea  ol  collectors.  I he  gen- 
eial  equation  lor  these  curves  is: 

p-al\  + bl\'  |iqci| 

where  p = peiceni  ol  load  satislierl  b\  solar  eneig', 


I’.,  - incident  radtation/energy  lequirements. 


I’s  is  denned  as  the  lalio  oT annual  or  moiitlily  incident 
radiation  on  the  colleclrti  arrav  to  the  annual  or  monthly 
energy  requirenrents  oT  the  buildings;  this  is  given  by 
l.qC:: 


Ol.' 


Il  qt  .'I 


where  Ac  = collector  area 

Oc  = annual  oi  monthh  incident  solai  radiation 
Thix  density 

Ol,  = aumial  and  monlldy  energy  requireinents. 

lo  apply  the  universal  curves  rer|uires  an  undei- 
standing  ol' the  terms  Or  andOi 

1 . Oc  annual  or  monthly  iiisidenl  solar  radiation 
llti.x  ilensity.  This  is  the  solai  Ihix  density  on  the  lilted 
collector  array  in  lilu.'sq  Tt  month  or  Htn/sq  IT^ycai 
(langleys/niirnih  or  langleys,yeai ). 

.Average  solar  radiation  data  lor  many  sites  in  the 
Ihiited  States  are  published  in  the  National  Oceanic 
and  .Atmospheric  .Administration  (NOA.A)  Climalic 
Atlas  ol  the  I nilril  Srati’s.'^  Since  the  radiation  val- 
ues provided  in  these  maps  are  given  in  daily  means, 
the  annual  and  monthly  values  are  obtained  by  mul- 
tiplying hy  the  number  ol  days  in  the  year  or  month. 


'H'hmatic  \tlas  ot  the  Viiilol  States  [V  .S  I ivpiirlniein  .U 
( onniicree.  I‘*6S|. 


The  Climalic  Atlas  oj  the  United  States  also  con- 
Uiins  tabulated  summaries  of  radiation  data  for  specific 
sues.  More  detailed  summaries  are  frequently  available 
Ironi  NO.AA,  local  weather  services,  or  state  agencies. 

Note  that  solar  data  for  a particular  site  are  usually 
given  in  tenns  of  hori/onial  radiation  densities.  These 
numbers  must  be  corrected  for  the  till  angle  of  the  col- 
Iccto!  array  , since  the  tilt  angle  of  the  collector  plate 
greatly  affects  the  amount  of  solar  radiation  striking 
the  surface  of  the  plate. 

Once  the  collecloi  till  angle  is  known,  the  radiation 
llux  ilensity  on  the  tilled  collector  surface  can  be  de- 
teimined  from  hoii/onlal  radiation  data.  I oitiinately, 
there  is  an  optiinum  collector  till  angle  (measured  from 
hori/ontal)  for  each  type  of  system.  Tor  heating  sys- 
tems, this  optimum  lilt  angle,  is  rouglily  Ihe  lati- 
tude plus  11)  degrees;  for  domestic  hot  water  systems, 
it  is  approximately  the  same  as  the  latitude.  These 
angles  enable  collection  of  the  greatest  amount  of 
solar  energy  in  each  application.  Variations  of  t 5 
degrees  affect  perl'ormance  only  slightly.  In  all  cases, 
the  opiinium  a/imtiih  angle  is  due  south;  again,  slight 
deviations  from  due  south  (±  10  degrees)  do  not  sig- 
nificantly reduce  system  performance. 

When  the  opiinuim  tilt  angle  has  been  determined, 
the  annual  radiation  llux  density.  CJ(-,  on  the  optimally 
lilted  surface  can  be  estimated  from  Tq  C'.T 

Ul=Kll,,  (TqC'.M 

where  K --  a correction  factin  which  depends  on  the 
collector  tilt 


ll|.=  the  annual  or  monthly  radiation  llux  den- 
sity on  a hoii/ontal  surface  (Utu;sq  ft  or 
.Tm=). 


1 or  solar  sy  stems  using  annual  solar  radiation  data 
(domestic  hot  water),  the  correction  factor,  K.  is  given 
approximately  by: 


cos(i'L  - 7 — p^.) 
coslt'i  ~ 7) 


!Tq  C4| 


where  iq  = the  latitude  in  degrees 

iq.  = the  optimum  angle  from  the  hori/ontal  in 
degrees. 
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I q C T is  an  einpiiically  derived  equation  based  on 
Ihe  lesulls  of  simulation  studies  and  is  valid  only  for 


FRACTION  OF  ENERGY  REQUIREMENTS  FRACTION  OF  ENERGY  REQUIREMENTS 

MET  BY  SOLAR  ENERGY,  p MET  BY  SOLAR  ENERGY^ 


ANNUAL  INCIDENT  RADIATION/ANNUAL  ENERGY  REQUIREMENTS,  Pg 


Figure  Cl . (.Iriiversal  curve  Cor  lioi  energy  healing  with  solar  energy. 


MONTHLY  INCIDENT  RADIATION / MONTHLY 
ENERGY  REQUIREMENTS,  Pg 


Figure  C2.  Universal  curving  lor  heating  with  solar  energy. 


near-opliimim  collector  tilt  angles  anti  animal  solar 
radiation  data. 

l or  solar  lieating  applications  in  winch  inontlily  ra- 
diation figures  must  be  used,  the  correction  factor  may 
not  be  expressed  in  closed  form.  In  this  case.  K imisi 
be  determined  from  lable  ( I,  which  gives  monthly 
values  of  this  correction  factor  for  four  different 
latitudes.  Table  f'l  is  valid  only  for  optimum  collectoi 
tilt  angles. 

d.  Qi  annual  and  monthly  energy  requiiements. 
Tor  using  llie  universal  curve,  the  energy  requirements 
are  defined  as  the  tolal  thermal  energy  m the  foim  of 
hot  water  required  by  the  building's  domestic  hot  wat- 
er healing  sy  stem  or  space  healing  sy  stem. 

The  type  of  data  required  to  determine  (Ji  and  the 
sources  of  that  data  depend  on  the  type  ol  system  be- 
ing considered.  .Since  solar  energy  systems  produce 
thermal  energy  m the  foitn  ol  hot  waiei  (or  hot  air  in 
the  case  of  hoi  air  solar  heating  syslemst.  consumption 
or  energy  requirements  in  any  other  terms  gallons  ot 
oil.  cubic  feet  of  gas  supplied  to  a boiler,  oi  gallons  of 
hot  water  used  must  be  convened  to  thermal  energy 
in  the  form  of  hot  water  (or  hot  air  if  a hot  air  system 
is  used).  This  usually  requires  accounting  for  the  effi- 
ciency of  conversion  equipment  as  well  a.s  the  a;?propn- 
ate  conversion  factors.  The  lollowing  paragraphs  de- 
scribe the  determination  ol  Qi  lor  the  solar  domestic 
hot  water  system  and  the  solar  heating  systems. 

Solar  Domestic  Hot  Water  System 

llse  of  the  univeisal  curve  lor  domestic  hot  scaler 
systems  requires  delerinmation  ol  the  annual  energy 
needed  for  heating  the  hot  water.  The  best  source  of 
information  is  metered  consumption  data  from  the 
building  to  be  healed  or  Ifom  an  identical  or  similar 
building  at  the  same  location.  The  data  can  be  foi  eilhei 
energy  or  fuel  input  to  the  hot  water  healer  or  gallons 
of  hot  water  consumed.  When  fuel  consumption  is 
known,  corrections  for  boiler  efficiency  must  be 
accounted  for  as  discussed  above  When  a^lual  consump- 
tion data  cannot  be  obtained,  data  can  be  derived  Iroin 
various  handbooks  or  from  local  or  national  plumbmi; 
codes.  However,  caie  must  he  exercised  m using  per 
capita  consumption  data,  since  they  are  usually  devel- 
oped for  design  purposes  and  aie  iheietore  olfen  moie 
closely  related  to  peak  demand  than  to  average  hot 
water  consumption.  VMien  annual  hot  watei  demand  is 
determined,  the  annual  energy  consumption  can  he 
obtained  from  I q ( 5 

l,n»  llqC^I 


whereQi  = annual  energy  consumption  in  Btu  (J) 

I)  = annual  hot  watei  demand  in  gal  (V) 
w = density  of  water  = H.d.f  Ib/gal  ( 1 ,00  kg/ti) 

I'p  = specific  heat  of  water  = I Btu/lbm  °F 
(4.1X68  kJ/kg°K) 

l oui  “ temperature  of  hot  water  supply  in  °F  (°C) 

'I  in  = temperature  of  supply  water  in  °F  (°C). 

Solar  Heating  Systems 

Since  the  length  ot  the  heating  season  varies  signifi- 
cantly by  site,  the  universal  curve  for  solar  heating  sys- 
tems (liquid  or  air)  must  be  used  on  a monthly  basis; 
this  requires  obtaining  the  monthly  energy  demand  for 
heating. 

rite  best  source  of  this  information  is  measured  data 
loi  the  building  to  be  heated  or  for  similar  or  identical 
buildings  at  the  same  location.  These  data  may  only  be 
available  m terms  of  the  amount  of  fuel  oil  used  per 
month  or  the  amount  of  gas  consumed  in  heating  the 
building  Ol  buildings.  If  so.  the  fuel  consumption  data 
must  be  adjusted  to  account  for  the  efficiency  of  the 
boiler  or  furnace  supplying  the  heat  to  the  space.  If 
measured  load  data  for  the  building  being  considered 
are  not  available,  they  must  be  estimated.  Typically, 
solai  heating  systems  include  heating  both  the  build- 
ing and  Its  domestic  hot  water.  This  can  be  accounted 
for  III  the  energy  requirement  by  adding  the  monthly 
domestic  hot  water  load  to  the  heating  load. 


Tabled 

Mrmthly  Correction  Factors  (K)  for 
Heating-Only  Systems 

(for  collector  tilt  equal  to  latitude  plus  10  degrees) 
Vicinih  Latitude 
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